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(57) L*invention concerae la polymerisation en continu 
en lit fluidifie gazeux d'olefmes, notamment d'ethylene, 
de propylene ou de leurs melanges avec d'autres .alpha.- 
olefines, le gaz de recyclage contenant im monomere 
utilise pour fluidifier le lit ^tant refroidi afin d'eliminer 
par condensation au moins une partie de rhydrocarbure 
liquide. Le liquide condense, qui peut etre un moiiomere 
ou un liquide inerte, est separe du gaz de recyclage et 
introduit directement dans le lit fluidise, a travers une 
tuyere de pulverisateur (1) a gaz, dans le but de 
provoquer^'m refroidissement par chaleur latente 
d'evaporation. La tuyere (1) est pourvue d'un dispositif 



(57) The invention relates to continuous gas fluidised bed 
polymerisation of olefins, especially ethylene, 
propylene, or mixtures of these with other 
.alpha.-olefms, wherein the monomer-containing recycle 
gas employed to fluidise the bed is cooled to condense 
out at least some liquid hydrocarbon. The condensed 
liquid, which can be a monomer or an inert liquid, is 
separated IBrom the recycle gas and fed directly to the 
fluidised bed, through a gas-induced atomiser nozzle (1), 
to produce cooling by latent heat of evaporation. The 
nozzle (1) is provided with a mechanical device (9) 
within the liquid inlet to the atomising chamber (5). The 
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mecanique (9) dispose a rinterieur de rorifice mechanical device (9) preatomises the liquid so that the 

permettant au liquide d'entrer dans la chambre nozzle (1) requires reduced amounts of gas compared 

d*atomisation (5), Ce dispositif mecanique (9) effectue with conventional gas-induced atomiser nozzles (1). 

une pre-pulverisation du liquide de maniere a cc que la 

tuyere (1) ne necessite que des quantit^s reduites de gaz 

par comparaison aux tuyeres (1) de pulverisateurs a gaz 

classiques. 
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(54)Tiac: ATOMISER NOZZLE 



(57) Abstract 

The invention relates to continuous gas fluidised bed 
polymerisation of olefins, especially ethylene, propylene, 
or mfxtuies of these with other alpha-olefins, wherein the 
monomer-containing recycle gas employed to fluidise the bed 
is cooled to condense out at least some liquid hydrocarbon. 
The condensed liquid, which can be a monomer or an inert 
liquid, is separated from the recycle gas and fed directly to 
the fluidised bed, through a gas-induced atomiser nozzle (1), 
to produce cooling by latent heat of evaporation. The nozzle 
(1) is provided with a mechanical device (9) within the liquid 
inlet to the atomising chamber (5). The mechanical device 
(9) preacomises the liquid so that the nozzle (1) requires 
xeduced amounts of gas compared with conventional gas- 
induced atomiser nozzles (1). 
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ATQNISEIt NOZZLE 

The p.Tese«r. im^tion relates to a ..a«Ic for l,.c for tho Infection of 

ofoJcnns. «,d .«p«Xk«larto a n^zl^ wlUch altowa for improved ConlroJ of 
it^cn^-tioa of Kquid Irito said ^uidised bed, 

Pir>ce«.-«c» for tlH^ U<««opolymcri«uic.a an(i copolycncri«atloii orokfm, i„ 
tl)« phn,o «r* wen known in et,o an. 5iiv;h proo««o9 oui be conducted for 
cxumpfp .Huodudnu the ftweous tttononiDr into A ilij'red und/or tUjSdised bed 
coinprisiug polyolgfi,, and a cafulyst for tl>e polymerisation. 

In tixe flMidised bed polyuiecisatian of oJofin.,, the polymerisation is 
coiitfuccerf in a fluidiso* bed iea«or whcn^ln « bed of pnJynicr pariictes is 
m*i„Wd Jn afl,tfd33ed «atc by m.«« of «„ uscendlu^ ^.as sdeaxu comprising t]« 
B»Hepc« iei*:<ion mooacocr. Th» 6i,Htl-up of *ach Jipolyraeriiattioii jg^wally 
employs ,1 bed of profonued poJyjncr partid^s »inilar tu the polyuw wbich it k 
descrcd to manu&oCun:. Diirms Che C:OU..c of p«lym«is*aon, frcafa jx»Knr.e, i. 
t^norared by the catalyri, po]y«cri«atio„ of tlie monamcr, «vd poIym«r product cs 
wUhdmvvn to .miMtaiJUhe bed ^ mor« or Je«. eoi,.taat volume. Aii b,d«.,trlally 
tavourod proce«emp(ay., a euidi»»iion ^rid to di.itribt,te <heflt.idi,i,a3 tl«. 
bed. a,ui to nci as a Support for ibc b«d when the aopply org;„ U cut oft: The 

.«Ta ,3ed n. the low poitrou of the rBactor, the fluidJ^atiw. grid. Tho 

u.d»cd bed eo«,pri.c. K bod nr^rowix.^, j^fy^ p^,^,,. .^^ ^ n»£u.«ained 
«i a fl«,du^d condmoi, by the c>o„liW, «p^v^rt lloxv fcua, tlur bale ofthc n«ctor 

•JTic polyioeriKatiofi of clcfifis i:,- an «cod,errnic f eAcUon and it is tlicrcforc 
II cc*«u7 (o provide .n^m lo Loaf ibobcd to lertiOve «itshc*t Of polymcri«ttiOQ. 
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In the Absettofr crouch coofms; the bed would uici escse ia t mpcrojcurp ajid iht^ 
polymer pArtidM would cvuneuaHy Qonuiveiice to lAise. In dse (Uiidi»ed borf 
po!ymorlsaljoo of utdinff, a ^ononioidy wied mdhod Cbr nemovioj^thD beat of 
polymerisiiiion Jf» by »ijpp|y?iig to thcpo[yniori,^ation reactor a fyts, IhefluldiRii^jt 
5 ga>5> whicli h Rt a tQinpefALurD lower tlian the dcfaircd porynaerisftiiion tcmpeiraCurci 
pa99iTi5 the giM ibswish the fluidUed bed to conduct Away the hcM oV 
polymer isation, removing ilio gas £vom the roactor and cooUng It by pamcajs^ 
Ihrough an cxtoriial heal exchani^cr, and reoydiivg it to tliebed. The tenqpenihtre 
of tho recycle gas can be adjustorf in the licu£ cxKdiaiij$er to nuitncain the. flucdiaed 

1 0 bed at tlie desired fiolynicrisatiou teruperaturc. Id tills method of polyt»eriyln£ 

BlpEia olefin*, ific rcqj'cle feaa gcnuraHy comprises Ihc mononacric olefin^ opdojially 
together fur laiKinplc, dilueJil g^ks or a gatscou* cliain irAnnfcr agdit sucll a& 
liydi^gcji. rlius, tlie J'ecydt k^^* serves to ttipply the mottomer to (he bed, to 
f]uld53C tiie bed nnii to maiiv^in (he bed at the desired te^nperature. IVToiioiiieoi 

1 5 coii5U}CL«d by the poJly oitasaliuri roiictJon are norttudly replncorl by adding tbdke up 
gfii^ to the recycle ^Lrcam. 

n Is well known that th a produclion rate (i.e. the S^UCe tiniu yield m tarcnj 
of v/cijjht of polyrctei- produced per imil vobmcsof raaclor ipnoe p«r unittarrw^) im 
comiueixial gas flmdcacd bed roac40Ji> of the afono^menfionccl type m ttsjtricCod by 

20 the inaximucn rate At wliieli hvat can be rcjnov^ed frowi the reactor. Tlie riite of }ieat 
rertioval cjui be increa^Sed^ far example^ by increaiianj; the velooily of dbc recycle g^bs 
and/or reducing the ccmperatii re of the 3*«cydc %u% arid/or changizi^ the heat 
capacity of tbt; rocycJo gaf . Ho vvi^ver^ there rs a fimLl lo the velocity of the reticle 
gufi whcch Ch\\ be ^I4led in comnicrccal piMClice. beyond (1>r& linvif the bod caei 

25 become Uuiitablc or even Iftt oul of the reactor in ilic gas 5trcan\ kadJnfi; to 

bloCikugic^qf the i^c^'cle Utic und dAnqfl^gi?. to the recycle gas COUJp]*eS6or or bJoxyac". 
There ;^Eso u [smil on the extent lo which the iie(^'cle gaa can be cooled hi 
praetloe. This b priinarrly deterniinod by ccononaic conjudcratK^n^^ c^od in pr4)GCiac 
U rkocinalJy dctcratl'iied by the tciiipei7)f.ui'e of the indu^trurl c-OoSng witter avaSiabie 

30 oo di(c Reiri^AfatJon can bo employed if desired^ InU this adds fo tho production 
CDDt.i. TTius^ ]Ji cojntinoreiaj pi'Hutiocv the u^e of (X)oicd recycle gji$i «s the sole 
n\eaos of removing (lie }i<;hl of polymeiia^ctioii from the gas Oufdiscd bod 
polymoi isalion of o(e6iia hf\,^ ihe di8advaQta,fi>e ofEmutinjg the nruixinitii^i production 
rRtft\ obtuiniible. 

Tlie poor an ^uggcxstjc a iiunibcr of mcir.hodLS for hicnruanj; tho heal removal 
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Capnclty nf the rcc>'ct(^ 3tr«atti, for example; by intriiducinjj a volatile liquid 

GB 14 15442 Kelntcs to the gus phase pnlyjiiorisstJOii of vloyl cblorido in a 
Hilmd or fluidiscci bed reactor, tfic polyjuerisfttion being cufticd nut io tiie {tfcjxsnce 
of at ]ea&i ooe guseuuj^ diluent havbjj;& boiling point below IhzL oT vinyl dilorldc 
5 l^xarnplo 1 of this refei^cice describes the contm] of the teinpeu'Alure i>r 

pnlymoosafiorxby the IntermatlenC addilion of Hqmd vmyJ chl oxide to fimdiRcd 
palyvinyi chlnride niatcriaf. 'f.t^(a liquid vinyl dlloriJe e^rjapariitcd iminedlalcly in the 
bod I'^sulliDg, U\ the r«;muvtLl of th^hctLtcf pdynioris^ian. 

US 362S032 describes apfooesstor polyuicrisution wf vinyl chloride 

1 0 wherein licdft <vf pAlyvij^y] i^Murlde purtides* wjthin a cnuftiplc fltajp^a Huidlsod bed 
reacfoj' are kept limdised by the mtroHuctipn of s&seous vinyl diloiide mnnorncr at 
ihii bnttocTi of Jhe reactor. CooKniJ of cacb of the beds to ri?inov<^ heat of 
polyijjcrisatJon .i;cncr«lerl theieiJl U piwided l>y spnyin^ liquid vtnyt c*llorJ(le 
nionoiYier into Sfie kuicecidin,^ gas Btrcain bencs2h tlic tr^ys On Whlch ibt beds lire 

IS thddlfied. 

PR 2215802 rclntcs to ft spray i^ozzl^of Ui« nun-reCurnvulve t/pc, ."tiutable 
for spmyjiiflr liquids mto fltiidlsed bedi, tor cxumpb in thcgsiit flurdiMd bed 
]wlymefis5ition of cthybnicjilly vnsatoratcsd juoiiomei'i. Tlte Kquid^ whigh U used 
for pooliiifi Ihebdd^ cau be ihc nitjnomcr to bQ polyineiised, or if ethylene is to be 

510 polynrierlscd, it can A liquid stiC uj^ted bydjocarban. Tlio aj^ray noztle i:; 
described by I'^ferciicc to the fluidcRcd bed pQlyiuetisaliott of vinyl chloride. 

GB 1398965 disclasoa thefiuicOsed bed polymcriatation of ethyl cnic^Uy 
ua^aturalcd monomers, a«!podatiy vinyl chioiide, Vb^berein thccnid control of the 
j^olyaterkation Is ctfcctGd by iiijeollJis Hciticd tHutiuTncr into tl)c t)cd mit\g oae Oi 

25 mofieajirfly nozzles ^itiluled at il hclgln between 0 Mid 751% of Dial of thcfkiidiRcd 
xnatcrLal in (be reactor. 

US 43^0669 relates to homo-' Oi wOpolymeriflation of ol^ln$ ^y n nJOlli-step 
gai> phuso process whidi can be carried out in stJrngid bed reactorK QuidiKcd hod 
FCRClofS, stirred fluidtscd had reactors or tubulftt reactors. In tliia proems* polyther 

20 obtained from a frrst pol)'aieri;iu(ion zone in suspended in an jtitentiediale zone in 
an easily voIulLle liquid hydrocarl>nn, and the liu^penuon xo cbtiiincd is fed (o a 
second pofyjucrKsatiOft tone Wlwic ihc liquid hydrocarbon evaporates. In 
Exumiilo.^ I (0 5, yais frojn the .'locrvrid polynieri^atioa zone ii» conveyed tlircixifii) a 
cooler {\\^M exehiini;cr) wherein .witie of lh« liquid hydvocurboo condcioses (wiUi 

3ii comouDJi^cr if thcs I? etupToyed). The vofatilc liquid condciuuite is piirCly sent in the 



liquid Btato to Ibiii polyAiertyafion vcsact whcj^ itin v«jioc«d fbr utilisation in 
removing (be hduf of polysntcrwatidn by iU lut^t li^ai of ev«jxiration. 

fil' 1 ffielAte6 lo a proccsR for inci'eaiiin(; tli^ «|)aoe titne y iold in 
continaoua jjub iluidiMd hod procesiesfortho poly tncriiuttion of flujd monrancn?. 
5 the process cOiwpj JRitig cooJing part or aU ofCl^c unraacf ©d fluid* to turn a \\yo 
pKana ix^ixCuie of giis and Dntraincc( liquid bdow tUe dcw point and r<?lntrodiicini5 
TOld two phase niixturc intn tli^ reactoi*. ThD Jipocilication of RP R969I states that 
a pririrjary Kmltatlnn on tli« exlerJl to which tli^ j^cydo gas 5tr««m Cttn bo cooted 
bdow tfic point i» in tlic rcqiurajneiil (hat fhc gaWO^Iiquid ratio bo inaiatainDd 
10 a» a leve[ sufEdcnc to keep ttie liquid phaso of the two phaw fluid ittixtaro in an 
cntrj^eii^d or j?u:ipcndcd oonrticfori urili] the liqmd is VAporiscd, and Hirther ilidco 
IbQt tlie quantity ofliquid in thcKUj? phase sTlould not exceed about 20 wdjsht 
pei'cenu and jirofbrably should not exceed about 10 wdc^ht percent, provided 
(ilwayii that the velOfily of the two j>ha5a recycle atraaen l^^ugh enough to keep tlm 
1 5 lit{uid pha.w In suApmsjon in tho jjas and lo support thrj fluidJsed bed within the 
reactor. RP 89691 further discloses llui it u possible to forirt a two-phase fluid 
stream wUhcn thorcactoK'at thd point of in)ociion by ^tspuratdy iojoctli^g gas dnd 
liquid under conditiocw which will produce a tv/o phase stream, but that thero b 
lUtfc advaiilAfcrc aocn in n|>erati«g in thiK fashion du<; to the added mtd uonece^siUy 
20 biirdecj ^nd cojrt of separaiiiyj tTic i;aR and Uqnid phases attsr cooling. 

KP 173261 TdtttOB to a particillar means ftir iiUrodudng u reeycto .sCraam 
into tluv:lrs«d bed reactors Riul, ici particukr, to a (»eans for introdudng a rocydc 
^ream coniprLsli^g a Iwo phnse mixture of ^ and entrained Qqucd m dcscrlbad In 
£a» (supra). 

25 WO '>4/iS495 describes a fluidi^wJ bed poiyn^crL-jation pt Ovens comprLshioi 

jWSSifJi; a gaseous Stream coniprisino. inOTiomcr through a ^luidistxi bed reactor Ul 
Ihe prcHCJicr? ofa catalyKt under neacCfve conditioivi to produce poly ncrir* product 
md a stream ocimpriisin©, uiu-eaclod monomer fiawfii, compras<»ii\g ms\ Cooling said 
stream, xncxing 3a?d 4UV?Ato with feed compouenta and refuitliriu uija* and Jkjiikt 

30 pbuao to said reaotor, a inothod of dctBrmijiing si able operating conditions; which 
com])rise»: {a> observcog fluidLserf bulk dejisiiy ajanijQij in Oie teactnr associated 
Wil}l chans;cs in the composition of the fluidimiifls ineKiUlw; oiid (h> inoreafiiti& Die 
cooling cop-ddty of thcrccycltJ alr^ani hy cluvif.Uig (he cunjpositioo vviLhout 
cKccedjxii5 the law.1 at which a rcrfnction ii^ the fluidiacd hulk density ora ji«r«neler 

35 indicative therieot: becomes i^^^^vc^^^)le.. 
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S.436,3(M relates to a procei& CurpcUymcrfsiiig fti|)]ia^oteIi]i(0 in a^jas 
fibhtt vtsLCiCr fauving 4£ fluldiacd bed and a 0ui4ising t»6diuc7i v/bentin thQ ))uldifiln» 
niodiuin SQl^^^s (cv oonrtt>l tbe coo]ij)£ capacity uf the rc^or and wheitin tfac bulk 
de^isily fuaclion (Z) Ih mamtuined at a vadic oqual to OJ' g^tsAtcx tiiun ths calciilaLed 
5 iimlt of the bulk dcjifuty iuiiiUiocK 

Pub1j&h«<l application WO whicfa hy referenoe i2i tocorporatcd 

liei'dii. refutes to 2L cnntiniiQUs ^5 pliaSQ UllidUed bed proccatR In v/didi the 
pi'Odudivily of ihe pruccsK in improvod by cocliivg t()e recydc gun iitrcBm (0 H 
icmpcralurci sutiident to Ibrni a [IliuiaI zind ii ];a.s;, jjoparatitlilt tl\< ]ii{uid Itum tha gsiS 
1 0 ackd fi:cdhijp^ t(ie ^cparut^d liquid dlreotly to Xbt Hdidinod bed. Tl\« fiqiiid tituy be 
3t;iitxb]y iTije;;tec{ mto the fluidcRod bed l)y meaiu ofoiici or more nozzlc« JirrAiiged 
ihcrdn. 

Til a Trquid Tcuiy be injected into chc iluldised bed by m«iins of nuzzles wliicli 
u«e ftii atoirjising gas to nssin ii> the injection of the licjuid. Uurbijs Acsfc-iip ofgafi- 

1 5 liquid mziJa^ unoxpected pvoblems iirosc wlien tlic ratie of liquid (rij^cCiun inrtu the 
bed iocreur^cd bcryond a ccrtaiii limit. TbUVcmil u dependent upon tJio^fl? 
expunfaion ratso (tlie ratio of iht pressure of the atnm'iRlDg gas fed to th^ nOcezlu xnd 
the jircr.^iire ofthe Auidisied bed) b<{ wdf as ibQ percecilage by \vd};ht of atonii»u^ 
3as ujid the dhiionslon^f of both tli^ aConiuhvg chamfacr and tlio outlets of fh^et 

20 nozzle. It \v3SiS r^ece&sacy lo inerc&»c the amount of alomU'ii^^ relative to the 
mnount of liquid injecjted into the bod Sn nrciiair 1]ia( efficient atomlaatlnn of tlic 
liqtdd could be maintained aii(S Mso to TkiuintDin efTectivc dL5ipc<^io/i ^ild penetTmion 
uf liquid intn the tUikU^d Uim) i.e. \ut^ acdc nozzle.^ r^qince^l :;lgTLiCli;antly 
increased aruoUnl^ of ufomisln;^ gas. Tt now been found that by iLiirtg a 

26 m^cb^ulcHJ device tvUhIn au^'Ji » iiozzk. lo 'preatomisc* the li^ul/L l4i« ^jriOunt of 
gjds rocpircd to ntoniise Xhc lifi^uid niKy be cniuiidfecably l exlucad. 

Thus, according to the present invention there is provided a procoss tor thtt 
tixti oductlon of Kqiiid diceody iniu ii fluidlsed hod which ccitipiisei?: 
(a) p]>»ssuris5lng the Ii qui d; 

30 (b) fccdii\8 th« piessuciHed liquid to a liquid irdel ofnti atooiiainj; diamber ofii 

(c) pix^titunicsin^ the fiquid u^i^s, a meetvuntcal device po»tiOiit;d ^vithin the 
liquid in^cL; 

(d) focdinsL 4(ss'<s(irvg aiorai^iinj; y^&s to a jgas inlet ofUie alo]zii»n» clianiliet'; 
35 (c) atociusitkg the preatoinUcd liquid in the ntocnisinj; channber using Ihe 



(t) di<M:hftrgiijg the ntoniisod liquid a:S 4i spray iuto U\« fluidijBod hccj tJiroujjh At 
least One outlet oflhe atlOmiKln^ cilitmber. 

In a fticthor einbodSiABnt uf t1ii» pneseiU invmtion t]v&rp 2s |)ruvi4e(f ft 
5 C-Ontanunus gas fluidifcod bed process for Die polynicri^jtfLon of olefin inOttOmcr 
wdqcted fiOTtJ (u) c3thYl<5"C., (b) pi\>pylcnc> (d) mi;aures Of cihyfi?nc Jind propylene 
aiid (tl) one or n\or« other alpfaa-nfcllns mtxe J with (a), (b) or (c), in a HuicIcrcc! bed 
re&ctor l>y corttinuouBly n^cydhig u B4wcDUR5U«am cotnprisinjj ac ieas»t jiom€ of the 
echyleiie and/or propylene ihrt^ugh a fluirtiwd bwl in said npJWtOf in thopreitsnce of 
10 a polyincrisftCiokX CAtxilyst under nBacCive conditions. At Ico&t pan of tiie uid gasenMs 
slresni withdrawn fcoin ssaid reactor being cooled to a leinptratiire at which iiqiiid 
c<7»d«0£es out, Reparative ^t least pait of tbe condensed liquid G'om the gaseous 
sti'^cn and nitraifudjii; nt loait pcdt orthe ixjp^rated liquid dirmfy into the 
fluidisdd bed by; 
1 S <a) ]>ne,ssunj;ing tUe liqurd: 

(fa) feetlina the pressurised Uc^uid to a figuid inl-el of an atoiiiijjlng chamber ofa 
nozzJc 

(o) p7x:&tomUin|^ llle liquid usiiifl; % nieci)anieai device portioned withru ]}\e 
liquid (okC 

20 (d) feediiie uxstxtuig. atomisirie gas to a gRS hilei of the atorasing diAmber; 
(c) aumiijtin^ tlie peeatuml^tcd Tcqiiid in Ibe atomizing cluti^lbiir ujanjg tbe 

asslsCUig alomiMn^ cr^s; und 
(0 dischart^ing the atOiniij«»I fic|uid as a 3pray into the fluitftsed bed thmiigli «(. 
least one ouClel Of ihc atninisFng* chac^iber. 

2S In tills specilication tha l6nn ^preatanusa' nteaiMi that the Uqucd \t broken 

into droploffj. Gtjrierally. tlie pr^alomi^ed liquid alont docs not have droplets of 
SUlKulent r^lOmenCuni Co nclU^ve the dcscrcd.9pmy profilci penel4'alion and 
dijrparwon of [iquid y>Ji\hh\ ihc fluidi!5e<l beJ. 

llic n>eclUiruc!il device, iriny fcutluhly he jMiy rtibchamcat dwic« Which 

30 imparts a Qow pattern tn Ihe liquid thcneby allowixn; pnwaortsl^alton of the liquid to 
occur and inipiwing bath tl^c spray profile of th<s fiquid ts wcf! COrltrulUnjc; tho 
droplet size, ffucli meclwnical device* avi^ wdJ known tbr atomising liquids such as 
Avjiler (for fice MippresRinn) and puints (for coaiWg purposes). SciilisblcmoclwJiical 
dcvjccj include .^twirl d^jvi^e.^-, biLffIc pJciteii, itnpin^'craciU rieviix::*, fan devices, 

3S ultrasonic devices Of »ome other form of rncchmiical dtvice to preatoniise the 
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liquid. 

SuitMiJo wil l rfevic«s include swiil VAiies Juiving u hcHc&l cojif-Jfluraiion, for 

The assistirvar atoraisiiifi g^s ]s requtf ed to furthBr aid atxjjutsatioci, to ohtRuj 
5 the nocDsjttTy penetration of the atninl.<icd (iqoki Spray dwcbunjcd tmm the 
atoinisjiig chauAer into the JluMised beiU and to TcmaEnisQ atjy liquid droplets 
willed juay cofitowc in the Atomisinfi chaniler, Ibf txample^ ihfougji coilisioiiii with 
Hie inttsroal walJn cf the utumlsing chamber. Th^ jissistlne atCrtiii^iuK JJh» also ads 
AS a purge gaa. Sf iweded, <md prevents infiress of partidta mtn the no£zEe trumtUo 
1 0 iimdiKa bed. 

TlienlciOthU orgAa i ec|uired to titc>nii»e the liquid in tlio atninrsfttiot) 
c4iaTnbcr is LoniidcriibJy rxidiiccd com|Kii>ed with the amoutii l equirtti if there whs 
ro 'praittomi^AticHi' ot'tlie JJquid bcfoi-e tlie liquid enters the atocnJjting chamber. 
In the prowas of the prMwt lnvciHlon the Spray ofaiomisetl liquid i« 

tS farmed aficrt.li« liquid has l>ee(i ptealomisod by thiiniochan?ca( dl>^^'ce. 

AtOittiiiiiJjon takes place in the atoniisatioji rJicimber appi-oxiiiiatcly 10 tti 30 mm 
from th<> ir«;cl)ai>iMl dcv|c«. It v^as foiiod that the mochanjcat device cannot iilMpiy 
1)€ placed directly in ihe fluidi.s«d bed (ioeai»c the patttcles of ibe fluidiicd bed 
iuhibit xbQ tbcxiiation of liquid dvopfcis. prevenfing atomiRatlmi. Thus, the spray of 

20 atwtifsed Biiuid miwi be nllowcrf to be formed before the liquid enters the fluidisod 
bed. 

Tj-eferably, the atuminiiiK chamber hay more thai) one outlet, prefcrahly I to 
4 OufJcts. 

The voJutlie of (he afoiniMtig chamber nay b the i-dTiee 8.5 to 3U4 cm^ 
The outlet(*i) may coniprlsc cireuJar holes, feciiint-ular or dJipttcal jlotg, or 
olher suitabfc confijiutacionft. Pr«reral>ly, where the aut(ct(R) are slota »hey are' 
elliptical in sha])i&; ' ' 

Each of the aiitlct(ss) nwy fiavc a cro5S>secljocia1 ureii in the rariKo from 78 5 
(O 525.0 m\v\\ 

30 K is iriiporlanl thai the nutlct(s) of (he lic^iale ave of sufftcicnt sixe trv allow 

fix Ihe passage of any tine» wliioJi f>,ay b« present in the soparatad liquid SdWmi. 

Ii^ a mO(iiI»ealjOfl OflJie process of the prwent itivirtidoTi each outic* far the 
atoralse^l fi«|uid may have a separate atoix>isitt{^ cfumibw and mechanical device 
ofie,nui«| i„.fioo with tJio oudet. TOj, coiiGguc^tion has an advantage tliat tbece is 
a significjint rediietion in thft iJurfiice arcn of thcatomLslng ehaiobet which Icadn to 
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a reduction in liquid coaJescetice thereby furtJIier rbJacing th ajnoiU)t of uifjiistinfi 
atomising fequirecl. Purtlicrinore, greaiter control oflhe liquid Apn^^ 
penetration iand diRpprsron may be ubulncd using sudx un amn^temeiiL This lias 
iidvant&ge ofjiici^a^mg the quantity of KljuIc] (hat may bo hKCOducod 
5 Contmua\i5?ly lo lh« fluldiiwd bed v/{tho\iI [otali^cd voting of the particJes of ibe 
in Uie reglan oftba ii07des nud ^ubtfoquQiH ciefluidt»atioci of (he bed (wet 
quenching. 

Prefe«-ably fheatomwcd liqu'rd jtfpiuy is incmduccd directly Into Die fluidixed 
bed above the upper limH of the temperaturo {;i^dient botwcoai the entering 
1 0 ftuidcainiT ga^ (the B^SMu:; aircam fed to t2>« reiictor) aiid tbe ceoiftindcr of tiie bed. 
ComineiiQial p(ocetiucL*» for the ga^ (luidiHed bed polyit)eri:!iulion of of^fiiuAre 
ft.c<ieciilly opcxAted luidtr substHntiafly rsotlientia], steady jctaCe coildilions. 
However^ ^llhociijh «imn5r rU of (he flucdijscd hcd i$ itwinlained aC tbc dewtied 
jmbscanlicilly isatficrmcil polymerisation teoi]>ej'atuii2; ehcrc iiaTmally exEstt a 
1 5 temperature gradfeiJl in tbe xcgtoii oC (htJ btjd immediately abov^ Ihe point of 

ifitroductinri ofUie cooled streailJ inlo the bed. The lowei' temperastitf* finilt of 
this rcj^tou wherein tbe tao^perACiice gradient cxmC$ is the temperAturooTUie 
incoimng codJ ij^ls 8tn»ln, nrid ihe upper finrut ]3 Ihe MibstantiaUy hothei-mal bod 
twnperaturc. In cottjnierciul reactors oflUe lype which employ a IluidreHtinn grid, 
20 tv]>fou3iy 5-20 iii hlsX this tcnijwAUire ^lUdienl narnially exists (0 K layer of J»boul 
15 to 30 Cirt) (6 to 12 mches) ^ibove che^rid. 

A JiingJo nozzle iruiy be used or a plumlily of noT^Jes may be urranjjod 
wUhio tbe flutdLsed bed. 

The number of oxdlelst per iioztIc ]s preftrably in the ranse i to 16, 
25 preferably 

A pcefei'red ar/anjP[GO^«in ifi to provide a plufallfy of nuzzles jjuhslaotlally 
equaffy spaced In the flu id i ted bed on a given pitch circle diamefer itl ihe region of 
the Iritroductioii of (Ke liquid. The ni;n\b«r of nnzxlc^ used is that number v^bicU 
required to provide m£i>Trjen( penefrntioo and rtispet^iion of tbe atoQu^ed li^^uld 
30 b-pray at eftCb nazzfe to aohieve yood dispcfSiOci of [iqucd across the bed A 

prafen-bd number of nozzles \n I to 8^ more prcfcmbly I lo 4^ rnoat preferably 4. 

EHacIi ofthenazzleR ni^y, ifdeslred, l^c siippUed with separated fiqucd by 
incnna of a Common oojlduit &:Lutiibly arnnged vvilKm tlic rc^QtOf. Thta can be 
provided, for example, by mcniw o^" ;i wuduit pa.^shi^iup tlxrough die centre of die 

35 
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The nazzlc» aro prpfwMiJy «f ra«fi«l such tb«t they protrude iubsttwtially 
veitlcaHy into ai6 fluidiscd bcl but may be arranged »ich that tlioy proir udc trora 
Ihe walls of the rqprtor fai a substa iitiaBy botizanuf riirection. 

Tlw rnte 4it wWch liciuid can he liitrculuced intotho had d«|)€iid» primarily 
on the dc^cc of cooling desired In Che bed, owdtbls iu turo depends onthediMlred 
rat© orproditctioH fiom (be bed. The retcs of production obiauiRble from 
coniiticTdal flmriwcd bcrf polymwlsatiott processes for lUe polymcsrisation of olofint. 
depettd, ItiiacSk on the acimiy of the. caJaly^ts employed, and on the Iclnotica of 
audi eatalysCR. T(W8. fo|- example. <^lien catalysts havirtfi very H^h activity are 
«f«p3oy*d, and hi'tjb pioduction ntcst mtc desired, die rate oTK^yuld addition will be 
fi?6h. Yypitial nif e.^ of (igxfid introduction may ho, for exattiple, in tho nnxge 0. 1 lo 
4.9, ]VTpt«iably 0.3 lo 4.y cubic metres of liqxjld per cubic metro f>n»d ftUUvrial per 
hour. Por conventional Ziegler «ifaJy5i» of Che -«iipcrft<4ivc- type (i.e. those b«<jcd 
on transition metal. inagrJeaum haKdojuid or^anomeialKc cocatalyirt, tlicrate Of 
1 S fiqiiJd addition itiay be, for cjcamptc, hi dtc range 0.5 to 1 .5 cubic ofliquid 
per cubic TDctrc ofbcd material j>cf lioiir. 

The througJiput of fiquid thrwtifh tJK>«oa»le xnicy bcinthcrange 10 to 100 
prertsrably W to 80 (0.2 to <J7A prefia-abJy 6.2 to 53.6 lelir). 

In (lie proLcxs of die present Inx-entioii tfac weight r«k> oniqul(Liot5il ipiu 
20 whidi nmy be iiitrodw ced lrt(o t>ie bed can be. for ex^nple. in the r«ii5e 1 :100 Co 
1 :1. preferably in die i-anfie 5rl«D ta «5:IO0, most preferably in the rnmE^c CrlOO to 
25:100. By total fiai lioieAni tlHigaR which Is r«turcit>d to tho reactor to fluldise 
the bed eofirther wih the uvsiscin;; atomising gas. llic a»»jituis 8to»tt-wing yscs may 
SUilAbly be an inertias. ihr«XMTip]«, mlrogen but is pr«fecaWy nadce-up cthylcjic or 
25 recycle gas. 

Tlie weiifht rada of ntomcsmg ga* Co liqciid which' may be' Ittf r«>di«cod into 
the b«d may be hi tJie range 0.5: f £0 5:1. but i.<t pf«fe,-ab]y approximately 2:1. 

Th« pies-suie oFtljc nwijiiliig atoiws£«iv gas fed to tfic mtet of llie 
atnmisiJii> chamber wwy l>jin the vajiye from 2 to 6 b«r abvvc die prcasurcof tlie 
ihildified bed. 

T»^« piesaaare of the £fuidi!»ed bed inay he ia d^e auigin 0 to <i MPa, 
preferably 1 .72 to 2.74 MTji (J 7 to 27 bax^Ei). 

The gas expariiiun tatio (the mrio of lijc pressure of the cwljUng ftlomii»iog 
KAS ted to ihe nozzle and the prcsisiir* onhe fluidiscd bod) is pcvsfwibJy in the 
35 mnge 1.074 to 1.3.'S3 
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Thb itr«6Si»i» di'Oj> of Uw wtmaiasi *tftmesirtg over (he xitoinuiinis 
chjMiiber iiid tlie Duileis of the no??!© maybe in tbe nta{^ l.o tn 6 bAr. 

TJicpnassuna drop of liclilJd over the mccfiiuucal dwcce of Ihenozzl^nnay 
be from r>.5 iO ?0 bar. 

5 Uy injccfina ihc li quid into the flui Jisbd bod arinB tho process of the pn^o^nt 

iTlvenlion any catalyst whicli b illtrodoceJ in the Jiqmd nwy £)«l\©iU frtym 
Joi»]i8od eoolilis Cflfcct oCtiw Bquid *urraunduif. tli« «07Ale(s) which may «vO(d hot 
S|>Ot* ami consequent iLSj^amarntion. 

ft ix iiinportwiC In the pmctsas of thc»pR»en£ invcuitlon ro achkve goorf 
1 0 difljierjioti af>d peuaimtiun of the (iqiiid in Vvi KuidiMd bed. Factors wlilch Wis 
tmj>orlant in acWcsviiiA soo<^ penetration 'and dispcrrion are tJioiuomentum and 
direction of the spray oruiorocsod fiquid entering; the b«d (Ui& spr«y profdc), tho 
number of nnaKk(«) pcf- urjjt cross-sectional arie& oXibt bed, and the spatia] 
arnangeracjit Of Uie iiOazlc(s). 

The utonViRod liquid (jpniy wlfich is digchargcd fitira cbc outlflt(s) ofthe 
AtomUinjj chambcc has a horizontal marocntum fltne of at leajl SOxlCf* Kg m-i 
jt m r 1 wJiei^eirt Di* Ijorizontal momeintom flux is defined us the ma^« flow rate of 
fiquid (IjIogcaTOmcs |ior WCOftd) id Ule horizontal rftrectioti j)er VtU( a^Ott-sccliniuJ 
area (square metl^s) of the outlet fra;ii wliicJt the atomised liquid *pray ca»cxflos, 
20 inuIdplJed by tlie horiionlal component, of tlie velocity (metres per sctoiuI) of ttie 
atooiJ^ed Utiuid xpray. 

Preferably ( be horizuntaf inoincntum fl i« OfUie af oiniKed Uqai A «]>ray 
di.<?cbareeJ from the outlot(!s)of (Ue*lojnteinBi:hambftrij jt least lOOxlO^ aod 
«U)8tprcftrablyatle«6aO0xllPKK!|-' m-^xras-r PurliouJjirly proJerred » Ihe 
25 use of j» licirizotital moinentiini flux in tlife ratlge JOUxlO^ to 500x10*^ Kg. g-l ,t,-2 ^ 
"1*1^' thecu8DthatCbeatomi&ed litUod spr*y emerges from th* 0«(le!(s). b a 
ifirfictioii other than JiorizontaC «» hojizootul component ofthe velociiy afthc 
atoaiified Gqiiid spray is calcidaied fiom Coain< Q« K acliiAJ atomised liquid . 
vdodty, vv^Mcein O** i» Iho an»Ic the stomcsed ]i<|uid spray ntako.^ whh tllv 
30 honxonlAl. 

Ihc direc^tJOrt ofnxoiion of die atomised liquid Jpray ioto tlic b«4 Js 
prcfctxibly t:ub.starttially hnrizontal. In the casa that th« onilot(s) deJivcr the 
atomffced liquid .^pray in a diic«ioa otJierthan lioiiaOotnT, preferably tho du ection 
of thcjitomlsed Bquid spr«y U at AO a/jgle not greater Uiaii 4.V. mo5l preferably not 
3 5 more tllilri 20* to the hori win(u|. 
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Tbe ga*eo\is lecyoJe sii*earii wiihtlniwn fraoxtUe ivactor caropriww 
UimaictcMl i;aRDniiB tnonnitJOfs, BJld optionally, incn hydrocaAont. inert KVSDS $»c^ 
«s nitrofieiu reuclioxi mitivatora or mod«ii«ofs mdi us bydTogan, as weU us 
entminod cscafyst and/or polymer pilrfides. 
r> Tlie recycled i^bcoub stream Jfetl to f lie f eiictor julditionatty coiupriaea 

suHitticoc niakoup ninjiotners to rc|)lac.e (hose mononicr* polytucristxl in tlio 
roAceor. 

The pmccss accordiiie lo the piwaetit invention is suilabJe for the 
matlufuclure of poJyoltJJnji iti tlic gi^s pliOTft t>y Hit polynicrlsatiol) of one or more 
1 0 olefins at least on* orvcWdi its ethylene or propylene. Prcsfcr/ed alpUa-olr^firr* for 
use in llie prot^Uis of prcscnf illvefilfOll ai'<i fhone having front 3 to 8 Carbnn 
ttlama. Hftu«w«r, si^utll quiuidtici: of Blj>fm alexins Jm-iiiB inons than U cai-bon 
«OIWS, foc estampJe, y to I 8 carboil atOOW, CJtt) be employod if desrued. Tllui!. it is 
p04SiW« to produce honinj>olyiuej» oftitliyltaic or propjHene or copolymers of 

1 5 ethylene or propylw^e wrtlj oikj or marc C-j-C^ alpha -oleTiiis. The preferred *lph«- 
oloiifxs arebut-I-ejie, pent-I-snc, hcx-l-eiw, 4-jnfclfiylpent-l-cnc, oct-Wno «nd 
bulttiGenis. J£xampJea frf-|i}c;liei- oleHris lhat win he copolym^vuswl with the pn'maiy 
etbyfeRBor propylene olooomtsr, or as partial repiacttuejil Cor the CJj-^Jg alpim- 
olefUi coJUkOriomerara cfcc-l-cua and etIiyBdeite norboracno. 

20 When jh^ i>ro«!S5 is lifted for tlio copalyiuorlsatJon orBl>iyJmo or prnpyfoii© 

with alpljA-okfios the clhylene pr propylene is prescnl as tbo major coinpoilCJlt Of 
the copolymer, and preferably is preseru. to an anioant at least 70% , more 
pfcfcrably at laait by weifihl of the total monoftiets/comonomcrs. 

Tlie. process according to tho prcseixt InvetiUon auLy ho used to prepare a 

25 wide variety of poiyincr products for tycacnplc Uocar low detli'fCy polyethylene 
(J-T^^PE) ba.<<cd on copolyiiwaa ofethylune with butene. 4-methyIpcnt-l-cno or 
.^r • Iiexenc and hifeli dttisily poJycthylaio (HDPE) wiiicb can be *hr «xampl^: 

homopolycthylonaor copolyowr^i of ethylene with a small poitinn of higher «|phA 
olefin comoKomcr, for cjcamplc, botene. pent-i-iaic, he)r.|-eneor4-roeiliylpeo«-»- 

30 e»e. 

Tiie liquid whicti coivlcnses out of liic^^eous T««yole streum can be a 
condeoBHbIc mononicr. civ butejie. hexcnc, or octette titietj n& a coraoiioiiKy tbr (lie 
production of I J.DPH o»- iiiAy be an inert eondensable liquid, o.g. bii£ai>e, peittaoe^ 
Or iMKane. 

specification. Che letin "condeiurahia" ni«ai>s tfiai tlie dew point of 

M 



the gaseous composiUon tx)iiiprisu\& the condeasallis nrnicrial I5 above ifac loweAl 
Lcmpoo-RUire orthe recycle loop. 

It ifl Importaftt ihm the *tx>iij5sed liifuid ^liould vupon?*? witliln thp bod Ufidcr 
the poiyciied^^kiicin conditJoDS bdiifi cmpfnyed io that the desired coolltyj efRsct is 
5 nbUiued ajjd to avoid sabsCatrtial uccumulation of Jiquid wilhin the bed. 

The proccuis is t)«rucularly 9(Jit«b]e for pnlymeri«ini5 olcfiJis aLapnwsUJ e of 
beiwttdi 0J5 and 6 MPa and at a iejupcmtureof betwocn 30'*C and 130'*C* For 
cKanipJft fbf LLDPEprodiJctlOfi the tcmpG{iaC\il^i» Pustgl>ly in the range 75-90"C; 
nruf for PIDPk' the tcm]waCure U typically 80-105OC depeftdiij^ on tixeuc&vhyol' 
10 the catalyst used. 

The polymcTJSACiOQ reaccinn may be carried out in the presence or a catalysjt 
syjftem of thcs ?:iefifcr-N&tta type, Consiscia;; of a solid c:ataly.i«t »5entialty 
comprUing compoMiifl of a transition nveC-^I and of a cocataJysl compcisiiift an 
ori5aniC! Oompound of a metaJ <Lc. an orfiutiomctalBc compound, forcsxflinple an 
1 5 a3ky]«lum3nium compound). Higjuftciivity catafyst iyrtcm« have already becsn 
Jcnown for a JiuiJibcr of years and ai^ cupiiblc of pix:»(3uunj; far;^c quanlitEe!^ of 
poiynicr en a rel^iljvely Khon fone, und tbua make it possiblQ to avoid a ttcp of 
romovij)^ ratalysC rarfdu^s from tUc polyoier. Tfacaeliigb-aotivily lauaiy^l JjystetW;3 
ijonerally coinprl^e a solid csatalyst cuiuartinB cs$«iiUa11y of acorns of iransition 
20 jnetal, of maj^jxesiiun and of halofien. It iji al.so possible to iim a liloli-^tlvity 

Ciilalyac coJisi^liiu^ cs»cntJally ofa chronihuii oxidc aetivated by a lieat troatn«int 
and A^eiooiatod with a sranuJar sujipoit based on n rofra cioiy oxide. The proeea» is 
tt!j»o .-jMiliiblefor u.^o wUh oietaftocwa caialyrts juid aefil«i-catiJy.?tS supported oji 
silica. 

25 TlJc catalyst may Suitably b« eoiployed In thq fonii of a prqjolynjei* powder 

prepared bcforel]a«d during j |>i'epolymerS.<iatioJl tU&a with tiie aid of a catalyst as 
descrihGd abovt:. The prepolynierisjidnn niay Le carried OUl by any suitaWis ' 
proce$s, forcxanipro, polymerwafjoji in a Jiquid hydrocarbon dilu&nt Or in tHcjs^a 
phasA uisini; a bAJch process, a RCiui-uonriAuoujj proccBS or a corKbuouit procaw, 

30 PrctcmWy, jjubsCantrally Ibe whole of rhe^aycoiw recycle utreafv^ is cooled 

arid the COiUlcn.i»cd liquid h separafcd and ^ubaiontially Lhe whole ofthe separated 
liquid ixs intJ odUCed directly uilo lliefluidised bed via the iicz23e(») aft m atoinisod 
liquid spl^y. 

llic j^affeous recyoto sti-^^arn is auttal% cwlod by means ofn beat ejatJianger 
iE) Oi- exclxan^ers? to u tcnipciatwrc tsLich th»<. lj<|ittd is cojidciued Jii (be fjaseous recrydc 
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KCraaitv Sujlabl* htait cxdmngcrs aro weU fctiown {n tJicait. 

'JJic^{»soou» ncyc]c sirtaim Itaivlng |()o cop of the reactor call eiUram & 
quantity ofcafalyst «ncl/or poJyi,»w panicles (fires) wid these txuty bo mmoved, if 
de«irod, frcim tlio gaseous i^Cydc «trc»n\ Uy oxeaus of cyrioiio. A ittial] 
5 prtjportior of thw particle* iway ctraiiied in the ^saFoous reci^te «ra»m 
aiid afLei- cooKng ai,d Hqjaratlng the liquid from cbe ga*; the finc» caii. if doi««d be 
reintroduced inla the flmdi.«5d bed toeetlu:r with tWiepavaled Uciuid stream yi« tJic 

Ill Older to .ivoid ft,u3ins ofUw nozrlc(s). Jt « itrtpMuzA fo wi«,re that tl»o 
10 niech«mcaJ device l«is suffidcnt dcara„<i« to allow for pa,,,ge of Jir.y f.„.« wheel, 
nwylje present in tho 8csparaTe<l Jiciuid Htrcr.ni. FiifH«rxm,rc, the oot.let(s) frani the 
atomising chamber must bo of sutlfefwu tizc to aUow the f5««s to p««s into the 
ftul4lsed bed lot'ethisr with tbb *(on.bod liquid apvay a.,d Ifio u^ri^'ng «oini*inB 
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•nie sateoui recycle atr«in, ,«*y cotnpcisa laerl i,y^Wocmbm» used «>r 
the iiyeclioi, of ciUulyM, r^aoUott activators or modcf alofi nito the r«ac«or. 

Malcc-x,], monomer K, for c»:a,nple, ethylertc to replace* mooomeis conwimcd 
hy the JKilymcrisation roactloa ,.«iy be uddcd to the gat^iou* req«[c «rea,n at Jury 
suttahic locaCiofL 

Makeup condeosaUe ooinonoiiwsr?^ ror««inipk butaio, hoxene 4- 
•ne£hylpcnt.l.e«e aurf ocieo«, to rq>lace condensable comooooic*;* consumed by 
llie polymerisation fenflion may ha iiurodnced lui liquids «ndiidd«d to the sasooiis 
riscyclc^as Stream at any smtal^te ioCAliou. 

The liquid may be sepafatbd from th^ gaseous recycle stream Ux 6 leparator 
Suitable sepanrtom bto for example cyclone separators, ktrjic vessels wUioh 
reduce Che vdocity oftlio fias i^cam to cfr^ct .seiXn-Hfioii of the ccdeawd liquid 
(Icnock-out dniiiwj. dttnijrfcrtypc^iaWiqu&l separators and Bqi^ sciubbcris for 
eximipJc, veimirl scrubbcra. Such separafotsi arc wall toown in Ihtj art. 
The uHc of a dcmfsfer lype of jpas-liquld scparutor is partlc«l«fly 
30 advauiHgcous hi Hie p,-uucss of the prewnt invBntioai. 

Tlie use Ufa cycloiio Mjxmitorin the gaseous lecytle stream, piiof to iho 
scparalor is preferred. TlUs reniovcs rh^ irutjorlfy ofthcfin« fvom Ihcfiuncou.. 
rtieam lcavli>s th,* reartor thereby fialH»tiD« the a,* of A detrlister sq«rator and 
ako rcdiicing the p.«;a6ilit>' of rouBnjs of th« «.par«I«r tl«reby n«ulHnA it, an«,n» 
35 cfticiem operation. 
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A further advaJilage of using a doHnisCei- type o**iiq»Tator Is tJxsifr Ihe 
presMJTD <fro|> witijiii Ou: separator Ml) l>e lower than in other typ*s of Hcparatorft 
tli«4«b>> erihuncinK che ettlciency of the qv<jrji({ pi-Occss. 

A paitlailaiiy Kuitablo deoaiscer sepdfakor foriise ui liie }«oc«w of t]x« 
6 j>re5«iit invention ck a oooiTOorclaHy ttvallidiJc vettjcal £u itepuBtor known aa «. 
■Tctsrlctt" (for cxAiii]>le. type DPV PSX}. TJijs lypeof !to|»f«IOf ittesfho 
coaloscancE of liooiJ dj'oplrtji on alyillk airantjcnicnt to separate tho qqu'td from 
the gas. A. Jafge liquid reservoir a provided in tlic tottom of the so]>aratur for 
COllecUon of the Jiquirt. Tlie liquid rcscnw en«Uc!» the liquid to be atnrod Jhereby 
1 0 pcnvidlng cotilroE over the discliw^e oTtbe Utjaid «Tom Ilje Separator. Tltis type off 
separator a very efficiejltaiid gives 100 % s«pitratioa of oon<lcii*ed Gqutd from (1)6 
KM stream. 

If desired, a Ultcr m«3ll, or other suiLiMo mciois, may be arranjgidd in the 
Uquid rewrrvuir of the sqmralor lo coJJect any r«nuiH)jng finca prcaont il) ihe 
•] S wparAled Jii^id. AltftrnarJvdy, any fijics n;iy b« kept in wspccuiinn and Ihiis avoid 
fouJitig nf the sepa«tor by, far example, stirring the flquJ<l ki th« aeparutnr 
(cncciiwilcal agi£4LtiaB), bubbling a gaseoiis stream thioufji (he liquid or 
continuously drculatjjig: the Squid by means ofan eKteroid loop i.e. liquid is 
cxjntinuousty wr(lid«»wu &oni and returned to the separator. Prefertibly, a portion 
30 oP the (iqnid ia Hw separator m contiiiuously circulated by oieaiif of a pump. 
SoitJ^bJy, fcuIIicicTit IrqmV is cij'culated to allow the pump Ui he operated in a 
«oi)Umious nifunicr. A poriioo of cfxe<i5jcul4litig: liquid may be Intioduoed directly 
irilo tho tlMldrsed beet via a vaK'c wliicil opens to allow liquid (o enter a aipjUy Une 
to th a aozdoCO. Preferably. iLc valve a o\xtrHXii*\ via a liquid le«^«l contfolJer 
2J5 ^^•hicfl monitors and maMibiioj: the level ofliyuid in the sep«ni(or betv/ccn set iJinite. 
Tlio separated liquid is suitably introduecd hi(o U)e Huidisod hcd via 
iioKl<.(4) arr«ngod above tJie upper limit of the teHipw«iure;5iadjer*beiwbBo tJic 
oftteriDg fluJdising fias and the rianainder of Uie bed. Tho QOvAeit) may ho «t a 
pllliaJity ofpoiilla vviLliin this rcgloj) of Ihe fiuidisert bed and may he at dlttfetcnt 
30 hcii?htM within th» rc^iton The Baz2lc(aJ are nrranged such that the local 

coaceniratioii ofUijuid does not aiiversely affect (he OulUimlioo of tlie bed or die 
quality oflbe product, and (o enable tho Ifquld 10 disperse rapidly ffOin cadi poi<U 
and vaporise hi the bed lo neinovothc he<>t oCpolyrocrjaatfon ftorn ibe exotheniiie 
"saoion. in ihift way the iiinoiutt of U^irid intnvduced for cooling puiposes inay 
35 much inoj-e du*cly apjiroacli Oie maxiinum loaJing (hat can bo tolerated without 
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di&lutbiiv; tJioflu(d!M((un charactcmctcs of t]ie bed utuI hcno^cil'eis the 
opporlu£i(£y to xchla\H2 ei\Iiaii^;tfd levels ofrcficlor productrnty. 

Tlie Tcqucd csun. If dc5]j'c4» b« iiilroduocd inco the flucdised bed vU xi02zlc(s) 
pQsrtloned sit dififcrcnt IwshCS MlMrt tha bod. Such a technique cart fiicilitutc 
5 ioiptoved cantro) ovef COiUunomcr inoorpnratiotu Con«ro([ecl metering of liquid 
tnCD tlio fluidfcsed bed via the nozxJ^.(s) providcfi uaciul Ad<n(ioiUil control cwr tlv> 
(«fAperafura prafiCe of lUe bed and, in the c«50 XhM the liquid contains coiDonoincr, 
prcvideti useful contir^l over the camancimcr inco/poratioD into the copolymei*. 

In order to j^ain the inaTCtmutn bsnefit nf tlie cooling uf the separated llqnid 
10 hi^ tiMfiDntiaf t|i5vt Che MOzdcCi?) ara above the ty^&on where thu tcmpciature 
gradcQiit ex(l^(^^ i.e. in tlic |wt oflhc bed which haji i^ubsianfiaily reached the 
teitlperaturc af the jpj^iseouji recycle <t£iicain leaving the reactor. 

Tlic ii07.^Ee(&) may, tor e>:iunpte« be approximately 2O.i0O coi, prcJcoibly 
50-70 ci» above the fiuidlsatiOn i;r!d. 
1 ^ 111 practice. l}ie tempcn;(vt\e proGle wlthm the tliiid'uted bed xnay iirnt b« 

determined durmi; pnlyjiierisalion uatng, fnrexajuplc, thcrniocoij])(ei locaicd ia or 
on the waifs of flie i>:actor. The riozale<i) h/^arc ihca muxiS^d to ensure tliaC the 
liquid eat&rs nUo the tcjjioo rtC(>i« bed at v^tudi ceCtuned gas» litriCAin bas 
suhstaotjaCly Tcochcd the teiTiperaturc of ^be gaseous nx:ycJG utrcam bedTlg 
20 withdrawn fmiii (he i^actor. 

it in important to cii.^ire UuC the Cempcratu/e Willun theiluidi^cd bed u 
maintarnecJ al a IcvcJ whieh is below the Rinlocilte IcmpcrBturc^if Uie polyolcfin 
cnn9l4l Uliuij the bed. 

The .5as fj'Ojji the separator is I'ecydcd to tlie bed, nonmJly iiito the botcora 
35 orthD rpactof . If a fluid! .lat ion gjid is canplo^^jd, such ri^dc 13 norajaily to the 
rc;5lon below the grid, and ihc grid facililates uniform distrII)ulioJi of the aa.* to 
flllidisc the bed. The uws of a fliildisitltoti grid w preferrtaL 

Tl)e process ol'tiie prcjicn£ invencioci i&; operated wiUk a ga& velocity lo tlie 
tluidiiicd bed wbich mun be gieftlef thun or equal to ihai rcqiilirJi (o adiiwc a 
30 buhhling bod. Th© Juhdmuni gai? velocity is gtsnerally 6-1 2 coi/scu but the pcocesa 
of the present Invesilioo h preferably carried cutiwiAft ^ vdochy in the latiE^e 
30 10 100, inosi preferably 50 to 70 cai/scc. 

If rte«£ed, fjquid or liguid-Jiofublc ^ditfvei, for cxampJc^ flctfvutor^ 
Cucatalvslsj and tlic Ilka, e%^o be intmduciJid inlo the bed via the jhjzz1o(r) toget ika- 
35 witll (Ue i»ci|)arn(ed liquid strcani. 
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la the amc ilial tlie pct^ccRR nf the pve^int invenfion la tttiploynd to mftioB * 
atJiyJ««c hcinio- or copalymcr*, innloe-up ethylene, foi* cxampfc, to replace ihc 
tUlylcnc cousumdd durtnic; tb»|)Ol.vm«rijintcnn, nuiy bc&dvanlagoou^y introduceJ 
into t]ie separnicsd gtif) .strmm pnor ta its rciqtroduciion into the bed (far exartiplD 
5 below Ihe fluidiRstinji grid if such 121 employed). 

Tl^e separated liquid stream may be xu&jerted to additloual cuolinf (e.fi. 
u$in£L refrlir^rcnntcdinkjueO bcfcirc bcbif^ itifroduced into Ihc fluldlsed bed via 
the nozzlcCs). An udvaTitajjc of tliU particalar aspect o/tho prcsewt invention is 
that, by cooliniS the liquid beroi-i^intTTodiictlon lata tfiBflyidised bed via the 
T 0 no2^Je(»X «ny twirtwicy for eulalysc or pi^olymcr wllici) may be contained in CEie 
Ir^uid Atrcam to ea&Liie pofymecisaCiori bufore uuroductcon into (he bed wit! bc 
rDdnceo". 

Before corticnenclng the LnCcXiductlnn nf Ugucd by urc of the proecsK 
according to ^lic prcsait rn>^ention the phase fluidiscd be<l polymcrisadon 1^ 
1 5 started by duir^in^j Che beJ with partjcii]aCe polya^cr jwu-^iclcs, and then inUiathtg 
thcjBtas flow thnoiigli Che bed. 

AceordhijEf to yel ii Airther ^irtbodiment of tH^. psesent invention there is 
provided a noz2k sciitabfc tor for the injcctjoct of liquid into a fiuidi^ed bod ^aid 
oo^rJe cumprjjring; 
10 (a) iin atomcshkg chamber; 

(b) a Kquid intct to llie atomiscng riiainbta-; 
(c> a ^RB LDleC CO Che ^tomutiiif^ chiimbcr; and 
(d) at least one aiomiscd ]iqo5d outlet txom th<! chamber^ 
chacaetcrisod in Cluit within the Ikluid Infct tliQiie 1$ provided a roeolldiuuat dovieiS! tv 
25 sM*etttocni5e llie Uquid. 

The atoniiwii3 cFmubcx, the omWx fraai the atuiTiisinfi ohainhftr, aad (lie 
mochanieul device ttiay have die featuaes dcroiibed itfjcivc, < 

A bericGt of the no^de uccordima to Iheprc^cnC iovenclon Is that the 
amouriC of acomisK)g;ficis cequl/^cl 10 operate the nozzles ia signUlCacitly reduced 
30 oolUpurcd wHh conventional gwswJkiuid atoinislriij nozzles. 

NoZ2les accondhl£ 10 Lheiircsenc invention will be further illvstracod with 
refcrc^ice lo FsAures I (0 'J. 

In Fi{{uie J the ))o>.7j« con])iriAe.5 4\ houstn;;(1 > coO)]>rislng an upper rcjjmn 
Or eonc (2) and a lower txr^on or body (J). The cone is provided >^/ilh a number Of 
35 aiirtefs (4) arrsnj^ed on its circumfurcjica and An atoTnwinj5 cjjamber 0) airaaiged 
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therein The hody (3) of tl\e ACiT^dt ii provided with caxUaHy locajted- ctiduk (6) 
Opoi^iOg Into iht ^tCuih^tng chatnfacr (5) and «ri cuter COnduJl <7) (oCJllod Jurouud 
the tnntar conduit <'6). The conduit (7> cointMUilicatcM with the AiomWng chamber 
(5) by suitably arranged optoiugii (8). MochjnnMil d wices <9) are airangwf witlun 
S eiich opening (8), Pxc^jswrised lJ<iu3d is supplied to the noi;zt9 by condait (7) hjiA 
a&sislhig ataiiMfiiTia i» «uppJjccl to wiic>u3t (6). The Icm-cr region or body (3) of 
the no^rf^ w coj\ii«cred by convisntiouttl mewis to the supply ofprciiiiiinsed nquid 
und avsi.^tin>; atnnii.^ing gas. The liciuid is prcatomwd U>' the meschankal dc\4oes 
(9) m<\ att€J- inixtng with Qic ussijrting RTomisJngfias in the atomijon;^ cJiamber(5) 
1 0 tlie liquid ib discharKcd frnm tlie nozzle inlo the fluidcscd bod a? an aroniwed nprny 
via tlic outlets (4). 

Figure 2 ifliiHtrntes an ahernAljve^rriinj|TCJiicnt of a iiotkIo according to efae 
present iuvoacioiL In Hiit urraTvpcnicnt f Iia centrally laoaleJ cuiiiiuii (6) 
coinnuioicutcii with the mixuig chc^mber (5) by a jsuitahJy arranged op«mi\6 (10). 
1 5 Prtiaauriscrt liquid i.^ supplied Co the nozzle by centrally located COxiduit (6") and 
uBrfRthij^ atomising fiaii h LuppJicd h 5iiipplfc<l to c^ondult (7). The fiquid U 
prcatOOli^ed by the niodianica! device (9) At^HLOfijtsd within ihc opening (10), 

M^ixra 3 illustrates a further arrsngciTi^iit of a nozzle accorJing tu the 
present iavecifcian. In this arrajifiement pi^s^uciiied liquid in supplied to each of ih© 
20 OutictB (A) nf ttte nozzltb by a conduit (1 1), The Uquid is preatouiised by u 

mcchaftical device (9) Incatcd within COa>cliiU (I J) in cbiie proxunlty to fbe OUllel 
(4). Euch CQtJci has a separate ulomi wn|j charahcr ( 1 2) of SUtDccecU size to allow a 
Spiay of Atomised liquid lo be formed flicrdn. Assisting aCOmisin^ gas^ cs suppflDd 
to cacJi Atooii&in&i;h*smber by a conduK (!3). A »pray of atomised liquid is 
25 dlsKdiargeil fruro each of the omIe£fi (4). 

The proce^b- of the present Invcnrlon will nuw be described fay reference (o 
the foflowiri^; example. 

Hydjlfi soalt^-up of a .^fl3-liqukl oozzle (in thcab.^cnco of pneatomisalioii of 
30 the liquid with a jucclianiea! dr.viue) a linear dc<^ia^\^ prnced\jr^ was employed sucli 
cliac the ga-? cKponsiott ratio wiw maint^in^d at [.25 (pressure of gas supplied to tlve 
fS^s intct to (lie utDinising chamlxif was 25 barg and the jircjssurc ofihe Oaiidisied 
bed was 20 biiTft: a sas cxpansiun ratio of 25:20 ^ 1.25:1) usiny 5% by wcifljit of 
atninisins B^^. Tliii^ fnoccdiire Wft« adequate for sfcaRng-up nozzica wifli a llqufil 
35 trijtscdan rate of 0.4$ in*/h (the origliv^l scule tested) to a liquid IrveodOJi cute of 
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18rti /b. Hftwtvef, [Alger »c>le no.altti hiving a Jijghei' JrmiiiZ injection i«t<j, when 
A»\gned tisirja the linear scaJe-up procoduro would not adequately <«oinl4e tS 
Ffiiuid. Kor ox*ni]>l«, a nozzle Jiaving x liquid inioation rate or27 caVfa would not 
opcnit« auccessfuUy wttl» sy, by wdjjht of atcjmisltvg ^ras. Ic was found Quit 
iijcrejuicd iicnoants pf aeonilficng bbb vwcro requij^tf for the noTizle U> opcratB 
eTTcCtivcIy. Jn additlojl, H. wim noccasaiy l/> MU5r the ratio of lH« cCOss-BoetlODal 

of the outlets Ihaiu iha atomisation chAinl>4jr and tlio voUime of the atomising 
chatnbei'. Tbii*. the 8c*fe-up \VM tmi pro rat*. 

Theamoomof gat t*qucred for a nozzle liavJns a Hqujd injection n\t* Of 
30in-/h aiid 80 inVh tti Ihe prBRci>e« «t)d Xtbseiiue of a m«cliatucal device is given (a 
Tablfe 1. 

It >va.? found that stadc-up of Ihe HOzales accordiog to (he. present inventiotl 
was straigKf forward I.e. a scaling factor docs not liavte tg be applied to aire* fht» 
ratio of liie crosjj-scctional area of the outl^p frx>m (iitf. utotnifimg cUainbcr and the 
voknrjc of the atoinisiug clmnifjcr wiji^ jnoiVaaing nazzfc tliroughput. Thuii, the 
nOzzlcR acciordiilg ia tho prcs<jni iawr Uion follow a more liiwaii scale-up pmoodure 
with respect lu theiotcnw] riiiweasions of tho nozrJlt. 
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Claims 

comprist^"'''~'^ introduction of liquid directly into a fluidised bed which 

(a) press^lsing the liquid; 

(b) ftecr? ±e pressurised liquid to a liquid inlet of an atomising chamber of a 
5 nozzit. 

(c) presii—sing the liquid using a mechanical device positioned within the 
liqui: riet; 

(d) feecia aisisting atomising gas to a gas inlet of the atomising chamber; 

(e) atorr~s the preatomised liquid in the atomising chamber using the 
assisr^ aiomising gas; and 

(f) d.scr^s:g the atomised liquid as a spray into the fluidised bed through at 
leas: zz^ outlet of the atomising chamber. 

2. A cs^=,o-js gas fluidised bed process for the polymerisation of olefin 
monomer st^ from (a) ethylene, (b) propylene, (c) mixtures of ethylene and 
propylene arc ••=) one or more other alpha-olefins mixed with (a), (b) or (c) in a 
fluidised bed -actor by continuously recycling a gaseous stream comprising at 
least some r: ethylene and/or propylene through a fluidised bed in said reactor 

in the presen-,; zzi polymerisation catalyst under reactive conditions, at least part 

of the said giacus stream withdrawn from said reactor being cooled to a 
temperaui-e e -„r2zh liquid condenses out. separating at least part of the 
condensed i;r.-c froni the gaseous stream and introducing at least part of the 
separated lie ji; cL'ectly into the fluidised bed by: 

(a) press-jTlang the liquid; 

(b) feedi-i L-e pressurised liquid to a liquid inlet of an atomising chamber of a 
25 nozzlt. 
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(c) preatomising the liquid using a mechamcal device positioned within the 
liquid inlet; 

(d) feeding assisting atomising gas to a gas inlet of the atomising chamber; 

(e) atomising the preatomised liquid in the atomising chamber using the 
5 assisting atomising gas; and 

(f) discharging the atomised liquid as a spray into the fluidised bed through at 
least one outlet of the atomising chamber, 

3 . A process according to claims 1 or 2 in which the atomising chamber has 1 
to 4 outlets. 

10 4. A process according to any one of claims 1 to 3 in which the atomising 
chamber has a volume in the range 8.5 to 384 cm', 

5. A process according to any one Qf claims 1 to 3 in which the nozzle has 

more than one outlet and each outlet for the atomised liquid has a separate 

atomising chamber and mechanical device orientated in-line with the outlet. 
15 6. A process according to any one of claims 1 to 5 in which the mechanical 

device is selected from the group consisting of a swirl device, bafile plate, 

impingement device, fan device and an ultrasonic de>ace. 

7. A process according to any one of claims 1 to 6 in which the outlets 

comprise circular holes, rectangular slots or elliptical slots. 
20 8. A process according to any one of the preceding claims in which each of 

the outlet(s) has a cross-sectional area in the range from 78.5 to 525.0 mm^. 

9. A process according to any one of the preceding claims in which a plurality 
of nozzles are arranged within the fluidised bed. 

10. A process according to any one of claims 2 to 9 in which the atomised 

25 liquid spray is introduced directly into the fluidised bed above the upper limit of the 
temperature gradient between the gaseous stream fed to the reactor and the 
remainder of the bed. 

11. A process according to any one of claims 2 to 10 in which the assisting 
atomising gas is selected from the group consisting of an inert gas, make-up 

30 ethylene and recycle gas. 

12. A process according to any one of claims 2 to 1 1 in which liquid is 
introduced into the fluidised bed at a rate in the range 0. 1 to 4.9 cubic metres of 
liquid per cubic metre of bed material per hour. 

13. A process according to any one of claims 2 to 12 in which the throughput 
35 of liquid through the nozzle is in the range 10 to 100 mVh. 
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14. A process according to any one of claims 2 to 13 in which the weight ratio 
of liquid:total gas introduced into the bed Is in the range 1:100 to 1 : 1. 

15. A process according to any one of claims 2 to 14 in which the weight ratio 
of assisting atomising gas to liquid introduced into the bed is in the range 0.5:1 to 

5 5:1. 

16. A process according to any one of claims 2 to 15 in which the pressure of 
the assisting atomising gas fed to the gas inlet of the atomising chamber is in the 
range from 2 to 6 bar above the pressure of the fluidised bed. 

17. A process according to any one of claims 2 to 1 6 in which the pressure 

1 0 drop of liquid over the mechanical device of the nozzle is in the range 0 5 to 30 bar 
and the pressure drop of the assisting atomising gas over the atomising chamber 
and the outlet(s) of the nozzle is in the range 1 to 6 bar. 

18. A process according to any one of claims 2 to 1 7 in which the atomised 
liquid spray discharged from the outlets of the atomising chamber has a horizontal 

1 5 momentum flux of at least 50xl0' Kg s-l m-2 x m s'l wherein the horizontal 

momentum flux is defined as the mass flow rate of liquid (kilogrammes per second) 
in the honzontal direction per unit cross^sectional area (square metres) of the 
outlet from which the atomised liquid spray emerges, multiplied by the horizontal 
component of the velocity (metres per second) of the atomised liquid spray. 

20 19. A process according to any one of claims 2 to 1 8 in which the atomised 
liquid spray is directed substantially horizontally into the bed. 
20. A nozzle suitable for use for the injection of Uquid into a fluidised bed said 
nozzle comprising: 
(a) an atomising chamber; 

25 (b) a liquid inlet to the atomising chamber; 

(c) a gas inlet to the atomising chamber; and 

(d) at least one atomised liquid outlet from the chamber, 

characterised in that within the liquid inlet there is provided a mechanical device to 
preatomise the liquid. 

30 21. A nozzle according to claim 20 in which the atomising chamber has a 
volume in the range 8.5 to 384 cm'. 

22. A nozzle according to claim 20 In which the nozzle has more than one 
outlet and each outlet for the atomised liquid has a separate atomising chamber and 
mechanical device orientated in-line with the outlet. 
35 23. A nozzle according to any one ofclaims 20 to 22 in which the mechanical 

21 



WO'97/18888 



CA 02237014 1998-05-07 



P^HB96/02796 



device is selected from the group consisting of a swirl device, baffle plate, 
impingement device, fan device and an ultrasonic device. 
24. A nozzle according to any one of claims 20 to 23 in which the outlets 
comprise circular holes, rectangular slots or elliptical slots. 
5 25. A nozzle according to any one of claims 20 to 24 in which each of the 
outlet(s) has a cross-sectipnal area in the range from 78.5 to 525.0 mm*. 
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